A new study has shown that neurons in the visual cortex are specialized to encode the larger range of horizontal -relative to vertical -disparities that occurs in central vision. These results challenge the established 'energy' model of disparity processing.
If interocular phase differences are used by simple cells to encode a larger range of horizontal disparities [10] , then one expects that complex cells should exhibit similar behavior, as they are thought to depend on simple cells for input [7, 11] . However, analysis of the binocular receptive fields of complex cells does not support this notion [12] . So it remains unclear as to whether phase differences really constitute an essential specialization for coding horizontal disparities.
In all of these studies, evidence for horizontal disparity specialization was confined to populations of neurons. With two-dimensional stimuli such as random dot stereograms, both horizontal and vertical disparity tuning can be measured for a single neuron (for example [13, 14] ). Until recently, however, no study had systematically investigated the disparity tuning of V1 neurons in two dimensions.
Cumming [1] measured responses of V1 neurons in alert monkeys to combinations of horizontal and vertical disparities using random dot stereograms, and analyzed the shape of the resulting disparity-response surfaces. Surprisingly, he found that most of these surfaces are elongated horizontally, irrespective of the orientation tuning of the recorded neuron (see Figure 1c) . So for many individual neurons, the range of encoding is larger for horizontal than vertical disparities. Also, across the population, the range of preferred disparities is larger for horizontal compared to vertical disparities, echoing the findings of Barlow et al. [2] . Cumming's data thus provide strong evidence that disparity-selective neurons in V1 are specialized for processing horizontal disparities.
Perhaps unexpectedly, Cumming's [1] results also imply that V1 neurons should be more sensitive to small changes in vertical disparity compared to horizontal disparity. This seems counter-intuitive, as one might expect the visual system to be optimized for discriminating horizontal disparities, as these are directly related to depth perception whereas vertical disparities are not. But perhaps this is an unavoidable consequence of V1 neurons having to code for a much larger range of horizontal disparities.
Importantly, Cumming's [1] data challenge a wellestablished model that accounts for many basic aspects of disparity tuning [15] . In this 'energy' model, the response of a complex cell is produced by summing the rectified and squared outputs of a group of simple cells (Figure 1a) . Although minor deviations from the energy model have been reported previously (see [16] for review), these can be accounted for by relatively minor modifications to the model [17] . In contrast, the data of Cumming [ In conclusion, Cumming [1] provides strong evidence that V1 neurons are specialized to encode a larger range of horizontal than vertical disparities. This is desirable for efficient coding in central vision where vertical disparities are very small due to the geometry of binocular viewing. Note, however, that a wider range of vertical disparities may be coded in the peripheral visual field, as vertical disparities become much larger with eccentricity and may play a role in transforming horizontal disparities to depth (see [18] for review). Understanding how the horizontally elongated disparity profiles of V1 neurons are generated now presents a new challenge to neurophysiologists and modelers.
